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STILLING  BASINS  FOR  OUTLET  WORKS 


The  Problem 


1.  This  progress  report  is  concerned  with  eddy  action  at  low  and 
intermediate  flows  in  a  stilling  basin  for  a  single  outlet  conduit.  At 
several  Corps  installations,  such  stilling  basins  perform  adequately 
throughout  the  higher  range  of  discharges;  but  at  low  and  intermediate 
flows,  an  eddy  forms  in  the  basin  and  downstream  flow  is  confined  to  a 
narrow  section  along  one  of  the  sidewalls.  Rocks  and  debris  are  trapped 
in  the  eddy  and  are  moved  upstream  to  the  point  at  which  they  meet  the 
efflux  from  the  conduit;  here  they  are  agitated  and  some  are  bounced 
violently  against  the  apron  as  they  are  picked  up  by  the  issuing  jet 
and  moved  to  the  downstream  portion  of  the  basin  where  they  again  are 
trapped  in  the  eddy.  This  action  of  the  rocks  results  in  impact  and 
abrasion  damage  to  the  concrete  apron,  baffles,  and  sidewalls. 

2.  It  is  well  known  that  the  above  problem  occurs  only  at  those 
projects  where  the  invert  of  the  conduit  outlet  portal  is  "low"  with 
respect  to  tailwater.  "Low"  is  defined  in  paragraph  12. 
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(references  are  listed  in  table  l) 


Observations  indicate,  that  for  steep  slopes  the 
forms  of  the  phenomena  are  substantially  modified. 

A  Jump  in  a  horizontal  or  mildly  sloped  channel  is 
marked  by  a  steep  roller  front.  Further,  the  live 
streaming  commences  to  expand  under  the  roller 
rather  brusquely  right  near  the  toe,  the  upper  sur¬ 
face  of  the  live  Jet  being  directed  upward.  Both 
these  features  are  absent  in  case  of  a  steep  slope. 
Instead  of  following  an  outline  as  indicated  in 
Fig.  22a,  the  pattern  unfolds  as  shown  in  Fig.  22b. 
The  live  jet  "plunges”  into  the  tailwater  and 
within  the  steep  section  follows  the  slope  down¬ 
ward  with  comparatively  slow  expansion  and  ob¬ 
viously  relatively  small  losses. 


Fig.  22 


b. 
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4.  Stevens  states: 

From  the  foregoing  analysis,  it  would  appear  that 
what  have  been  called  hydraulic  jumps  on  inclined 
beds  of  1  on  6  or  steeper,  projecting  into  tail- 
water,  are  not  hydraulic  jumps  at  all  but  a  mere 
plunging  of  water  into  a  pool. 

5.  In  model  tests  of  outlet  stilling  basins,  the  writer  has  ob¬ 
served  that  at  low  and  intermediate  discharges,  even  though  stilling 
action  commences  in  the  transition  between  the  conduit  and  stilling 
basin  proper, conditions  are  stable  and  stilling  action  is  considered 
satisfactory  when  the  jet  plunges  into  the  tailwater.  In  the  structure, 
dimensioned  for  a  much  greater  discharge,  the  jet  moves  along  the  sur¬ 
face  of  the  apron  until  it  loses  its  energy  by  gradual  expansion,  or  is 
deflected  upward  by  baffles  or  the  end  sill.  Rocks  and  debris  are 
moved  to  the  downstream  portion  of  the  basin  where  they  remain  until 
the  discharge  is  increased.  Stable  conditions  in  the  stilling  basin 
under  this  type  of  action  are  not  affected  by  the  normal  inequalities 
in  energy  distribution  across  the  efflux  which  are  inherent  with  the 
usual  outlet  transitions  and  varying  flow  conditions. 

6.  Also,  in  tests  of  outlet  stilling  basins,  the  writer  has 
observed  that  at  low  and  intermediate  discharges  stable  hydraulic  jumps 
occurring  on  the  upper  and  flat  portion  of  the  transition  between  the 
conduit  and  stilling  basin  proper  are  difficult  to  establish  or  main¬ 
tain.  The  slightest  imbalance  of  flow,  which  again  is  inherent  with  the 


usual  outlet  transitions  and  varying  flow  conditions,  causes  the  jump  to 
be  drowned  and  flow  is  forced  to  one  side  of  the  basin  with  an  eddy  in 
the  opposite  side.  Once  this  condition  is  established,  the  jump  does  not 
re-fora.  This  eddy  action  produces  the  damage  discussed  in  paragraph  1. 

Data  Analyses 

7.  In  some  recent  studies,  model  operators  have  observed  for 
each  of  several  discharges  the  tailwater  elevations  at  which  eddy  action 
occurred  and  those  at  which  stilling  action  was  satisfactory.  Subse¬ 
quent  analyses  have  revealed  a  remarkable  conformity  between  the 
observed  tailwater  elevation  separating  satisfactory  basin  action  from 
eddy  action  and  the  tailwater  elevation  at  which  the  theoretical  depth 
of  tailwater,  dg,  required  for  a  hydraulic  jump  occurs  at  the  section 
of  the  stilling  basin  transition  where  the  slope  of  the  apron  is  IV  on 
6h.  The  observed  maximum  tailwater  for  satisfactory  basin  action  (at 
higher  tailwater  elevations,  eddy  action  developed)  and  computed  tail- 
water  elevations  for  jumps  at  the  section  of  the  stilling  basin  transi¬ 
tion  where  the  apron  slope  is  IV  on  6H  are  shown  in  table  2  for  five 
different  basin  designs  studied  in  the  Clinton  Dam  model  tests. 3  Data 
from  one  test  are  plotted  in  plate  1.  Note  that  the  observed  tailwater 
separating  eddy  action  from  satisfactory  stilling  action  intersects  the 
computed  dp  curve  very  near  the  section  of  the  stilling  basin  transi¬ 
tion  where  the  apron  slope  is  IV  on  6h.  At  tailwater  elevations  higher 
than  those  observed,  action  starts  at  sections  where  the  apron  slope  is 
flatter  than  IV  on  6H;  a  true  jump  attempts  to  form,  but  inequalities  in 
flow  distribution  cause  the  jump  to  be  drowned  and  the  undesirable  eddy 
action  develops.  Once  developed,  eddy  action  persists.  At  tailwater 
elevations  lower  than  those  observed,  the  jet  plunges  into  the  tailwater; 
and  stable,  satisfactory  stilling  action  occurs  in  spite  of  the  inherent 
inequalities  in  flow  distribution  across  the  entering  jet. 

8.  Based  on  the  writer’s  observations  that  slight  inequalities 
in  flow  distribution  make  it  difficult  to  maintain  a  hydraulic  jump  in 
the  transition  section  of  the  stilling  basin  but  allow  satisfactory 


basin  action  with  plunging  jets,  the  data  presented  in  paragraph  7 

provide  excellent  confirmation  of  Mr.  Stevens'  statement  that  a  true 
hydraulic  jump  will  not  form  on  a  slope  steeper  than  IV  on  6h. 

9.  A  study  also  was  made  of  basins  in  which  a  hump  at  the  outlet 
portal  was  used  to  obtain  satisfactory  basin  action.  It  has  been 
assumed  that  this  hump  improves  basin  action  by  spreading  and  creating 
a  better  distribution  of  energy  in  the  flow  entering  the  tailwater. 

This  may  have  some  merit,  but  it  is  significant  that  humps  have  proved 
effective  only  in  those  cases  in  which  the  hump  has  resulted  in  the 
computed  d^  for  each  operating  discharge  intersecting  the  tailwater  for 
that  discharge  at  a  position  in  the  basin  transition  where  the  apron 
slope  is  as  steep  or  steeper  than  IV  on  6h.  Plate  2  is  a  drawing  of  a 

humped  basin,  type  10  design,  studied  for  the  Tallahala  Dam  outlet 

l. 

works.  Plate  3  shows  tailwater  curves  for  the  Tallahala  project  on 
which  have  been  added  for  discharges  of  500,  750,  and  1000  cfs  computed 
tailwater  elevations  for  the  jump  to  form  at  the  section  of  the  type  10 
design  where  the  slope  is  IV  on  6h.  It  is  stated  in  the  final  report 
of  the  Tallahala  study  that:  "The  type  10  design  eliminated  the  eddy 
for  flows  of  750  cfs  and  greater;  however,  mild  eddies  remained  at 
flows  of  500  cfs  or  less."  When  action  commenced  in  the  transition  from 
the  conduit  to  the  basin  proper  on  a  slope  flatter  than  IV  on  6h,  eddies 
again  developed;  but  satisfactory  stilling  resulted  when  the  action 
commenced  on  a  slope  steeper  than  IV  on  6h. 

10.  In  model  tests  of  the  existing  Pomona  Dam  outlet  basin, ^ 
where  extensive  damage  in  the  prototype  has  resulted  from  eddy  action 
at  low  and  intermediate  flows,  humps  at  the  outlet  were  not  effective 
unless  they  were  at  least  9-7  ft  high.  Subsequent  computations  have 
indicated  that  a  hump  of  this  height  is  required  to  cause  action  to 
commence  at  sections  of  the  transition  where  the  slope  of  the  apron  is 
as  steep  as  IV  on  6h. 

11.  Review  of  reports  (data  for  detail  analyses  are  not  readily 
available)  of  model  tests  conducted  during  1934  and  1935  at  Case  School 
of  Applied  Science^  again  indicates  that  humps  at  the  outlet  portal  are 


effective  only  when  they  cause  action  to  commence  at  a  position  where 
the  apron  slope  is  steeper  than  IV  on  6h. 

Conclusion 

12.  The  invert  of  the  outlet  portal  of  a  conduit  is  "low"  with 
respect  to  tailwater,  and  eddy  problems  can  be  expected,  if  for  any- 
operating  discharge  the  dg  curve  intersects  the  tailwater  for  that 
discharge  in  the  transition  between  the  conduit  and  the  stilling  basin 
proper  at  a  section  where  the  slope  of  the  apron  is  flatter  than  IV 
on  6H. 

Discussion 

13.  Eddy  problems  are  not  likely  in  an  outlet  stilling  basin 
developed  in  accord  with  usual  procedures,  if  it  is  determined  that  dg 
for  each  operating  discharge  intersects  tailwater  for  that  discharge  in 
the  transition  between  the  conduit  and  basin  proper  at  a  section  where 
the  slope  of  the  apron  is  steeper  than  IV  on  6ll.  Of  course,  the  de¬ 
signer  must  not  make  the  apron  of  the  transition  section  steeper  than 
the  trajectory  of  a  free  jet  with  initial  velocity  equal  to  1.25  times 
the  average  velocity  at  the  design  discharge,  or  the  design  discharge 
will  not  spread  adequately  for  a  jump  in  the  basin  proper.  However, 
the  designer  can  influence  to  some  degree  the  position  at  which  action 
commences  for  low  and  intermediate  discharges  by  decreasing  the  flare 
of  the  sidewalls.  Also,  a  hump  in  the  floor  essentially  will  have  the 
same  effect  as  raising  the  invert  of  the  outlet  portal  by  an  amount 
equal  to  the  height  of  the  hump. 

14.  If,  for  any  reason,  a  conduit  must  be  placed  so  low  that  eddy 
problems  are  likely,  then  a  hydraulic  model  study  is  imperative  to 
assist  in  development  of  a  satisfactory  stilling  basin.  Also,  the 
designer  should  be  aware  that  such  a  basin  probably  will  require  very 
mild  flares  and  thus  very  long  transitions. 
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Table  2 

Clinton  Dam  Outlet  Stilling  Basin* 

Basin 

Type 

Dis¬ 

charge 

cfs 

Section  at  Which  Apron  Slope 

Is  IV  on  6h 

Distance  Tailwater 

from  for 

Outlet  Ele-  Computed 

Portal  Width  vation  d_ 

ft  ft  ft  msl  ft  msl 

Observed  Maximum 
Tailwater  for 
Satisfactory- 
Basin  Action 
ft  msl 

1 

1000 

30.1 

24.2 

821.3 

828.7 

826.6 

1700 

832.1 

832.5 

1 

2500 

835;2 

834.6 

3 

1000 

30.1 

20.0 

821.3 

829.4 

829.1 

1700** 

833.1 

832.4 

2500 

836.5 

834.9 

4 

1000 

54.4 

28.1 

818.5 

825.4 

825.5 

1700 

828.6 

828.5 

2500 

831.5 

832.6 

15 

1000 

48.7 

26.7 

821.3 

828.4 

827.O 

1700 

831.7 

831.0 

2500 

834.6 

835.2 

16 

1000 

59-8 

26.7 

821.3 

828.4 

827.5 

1700 

831.7 

831.7 

2500 

834.6 

835.6 

*  From  WES  TR  H-73-6.3 
**  See  plot  in  Plate  1. 


DETAILS  OF  STILLING  BASIN 
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In  accordance  with  letter  from  DAEN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a  facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 
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